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FIGURE 8.5 Mibdmdt.l myq.ttry In skd.ol mud.
ofa p.d4 wtdr t.lEiE Prn (.) rhs r E;!d..d ftr nt{
m.l mhDchoirhb. Prn (b) !h4 r .!aq; nftldh&b.
i{ FftrFEllle .rrar wt6tn ti

ln order for a hllnbn disorder to be atFibutabl€ to ge-
nerieliv altered miochondria, *vetll criteria mst be net

l. Inhe.irrrce must €:hibit a maternrl rather th a
Ilardelim parcm.

2. The disorder ms! refleR. deficiency in the bioen
ergetic limction ofthe orglnelle

3. The.e must be a Aedfic genetic muution in one of
rhe nitochondrial genes.

Thus 6r, sevenl crses are laDm to dernonsEete dEse
chemcteristics. For example, mvoclo.ic eitil€Ds "nd

!.sgqi red 6b€r di!€rg: (MERRF) demonstnles a PaF
Lem ot innertznce consrstenrwtr matern l rnnent're.
Only oftpring of a$ected not]ters inherit the disorder;
rfie offspring of.ffecttd 6theF are,llnormrl lndividu- ,
.al..si!hr,b.E r"dlt'vh.-cFrYje$E $|g3rll9,gl <
seizurer Both musde nbers.nd mrocnondna arc aII€c(-
iliiT! abetrant mitchondria ch,ncterize x,hat are des-
cribed $ rascEd red fibers (RRF3) of skeletal muscle
(Figure 8.5). ADal)6is ofmtDNA has rErtled a mu$rion
in one of the mitochondn.l genes encoding d Esntfer
RNA- fiis genetic 'lteration apparendy interfens with
ranslation withi' &e org"nelle, which in tum lerds to dle
various manifestations of the disord€r.

A second disordet Irh./" r''-'lit F.tti. na'-Iq-

6y (LHON), also erhibis maternal inhcriunce as *eU c 1
mDNA lesions. The diorde! is dBrrcreriad by$dden bi- <
Lrsll blindness. Tfie a,traet €s€ ofvision loss is 27, but
oret is auite !€riable. Four mutaEons hw€ been xtstiGed,
dJar"idchdn ryratrndc|ri4ae'ephaphorylaa;ac Orw
50 D€rcent ofes arE due to a mutation at a s?eci6c posi_
tid in the mitodrcn&ial cEe encoding a subsit ofNADH
d€hldroceb,s€ so fiat dre mino acid aqinine i, convefted
o $stidiire. This mutation is transnin"a m al mat"-"t og-
sorirc. lr is interGtrs to note tiar in E !y iDsrances of
iHO"N, *ere ; '. r'-ib ruslorla a significant Nmb€r of
cases .DDerr to resltlt &mn 'nev' mut*iots.

toau u"l" **olv "fi."."d tva drird disordcr,I(erms-

l@-csb' ryeg+jet*' *dge:@ !a
lffi;m::Kx^f;i
KSS patients aE slmp$m-fiEe as childrcn but disd.y pro-
gesive rympmrx as aduls The Proponion o,f mtDNAs
rhat reveal deletions iDcr€ls€s as the se\€rity or s)4trptools

The study of hereditaly mitodrondrial-bared disordes
providE insights inm dle impon nce and g€trctic basis of dit
organelle during normal development, as w€ll a5 the relr-
tionship b€twe$ mitochondrial fitnction and neuromuarp

l.I dirordcF. tudr sttdy hts aiso sl$lsled . h'"odEsts
rging b.sed cm dr€

nlndid
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FTCURE 14.16. Morbidiry napofthe haflafnitochofldnalghon a. Abbft,iatio"' dtuftttheg.h6d.
@dirg sre" sbasit' of obPlx I (uD) ttree subL"iu of rytochftnc c 6idas (cox), Etochftrib (E
b), abd dE taa ssbnit' ofATP rnthd'e (ATPa'e 5 dfd 8). 12s dnd 15s ftfd to ibo'omat RNAS; 22 trdwfi
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Figlrrer6.z Inheritance of myodonic €pilepsy
with ragged-red frber disease (MIRRF) in
hunans. (A) Electron micrograph of an
abnormal MERRF mitochondrion conraining
paracrystalin€indusions. (B)Th€pedigree
showr inhedtance of MXRRF in one family and
the perc€ntag€ oI th€ mitochordria in each
person forDd to b€ wildrFe or muranr.
tMisograph courtesy ol D. C. Wauac€, ftom J.
M. Shofrner M. T. Lott, t- M. S. Lc?za, B Seib€l,
S.WBallinger andD. C.Wallace, 1990. C. 6Lt
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(.) Milochondrlal DNA Fbu|l A.ll r|at6ml DM
P.tt m of Inh€darno K€y gEn€.
tor c6ll respiEiion and mitocfiondirt
lunctlon are loEt€d in a small DM
nng in hlman milochondda. B€.atE{
mitochondda ars cont iblted by dro
egg b€fore terliliz.UoD, DNA c€n bd
i€c€d through the natsmal lh€ vrfll
f ingelprinting of lhe mitochondr!,I
DNA.
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llnitial sequencing and analysis of the
lnuman genome
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A a.gl-biuion bs. pah (bp) @n3 nrur *qu.nc. ot th. .udm.{c rruon of
dr..l "pj e_ry!.yu Fry.t d by th. whot {.nom. roqun *qu.nd,,8
nEthod, ln. l4a+Ild bp DNA *qumc. w.s g.n.Et!d oEr g months from

-f ,t+L ts
<.hai el I

ou4
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publidy tund.d genome .ffdr. lh. plbuc dat nlre !hr.d&d Into 55cbD
i{m.ntrto@rt .z.9-toldcang.otth@8.nom.c8ton.thlthldb.€;
$ql|oed, wnhdt hcludtry bt...! t.h.r.nt In th. ciont.t sd .slmbly
pl@don us.d by rh. p{h{.ty tund.d group. rhh brcught tte .t{.Gflv. d:
dg€ h n. .smbrbs b.tthtfold, Edudng th. numLr.nd 5ta of g!p5 in
th. Rn.t a!6.mbly o'/s wh.t rclld b. obt tnld wtth j.1 1-rold co{6;.: rhe
lwo .emDly si..t tls yLld€d Ery rhtln G5utts that t.rt ly ag@ wfth
|nd.pdd.nt m.pptng d!t& Tn. nslmbli.r .filcuvety 6v.r rh. .udonrdc
r.grdrs ot th. hm.n c|r.oh6m.i Mor. th.n 90'6 of th. gRom k tn
sc.ffold .n mb{c! of 1@,000 bp d mor.. and 25% of th. i.ndrE i! rn
s..flol.b of 10 mllllon bp d l.l8.r. A.!93r! of tfi. tmm. s.qu.n.. r.\€.t d
2€.588 pFt ln{n odhg trdn5siptt ror whtd th.lt w.r n!qr, cqFb.Edng
.ud.nc..nd m ddruoirl - tzcao comput.ud.lly d.riv.d gm.s wtd, rui.
mtd'.! or othd wr rpportir8.vld.n... Althorfh gdlFd.n* dusteE !c
oovro!5 drnort htlt th. &n r all dirp.fld h tow C +C !.qtxn6 !.p.rrt d

ffi
|''o&fi.l ldgltu,.n &|Ild&t tlft{llhout fi. fmm. rrd |Md. c.npLx
elltlom|y hlrt6y. CotnFndv! !.noi c ..t!* Indt..r.! v.rt br.t !x-
prlc$ ot g.rEs .sodrr.d wth rurc|ld tundto||. rtth g$.-!r.dnc d€.
v.lopmntd |tgulrthn, lrd wttft rft. ft.nortaCa |nd tmmun ryi.m., DNA
$qua@ @mp.rbonl h.tw..n th. cois.nr6 !.qu.tt . .nd pubtdy tuid.d
g.nonE&n P.o,l&dlo..tlon of zt mtuonind.-nud.oddli,oty6?hths

Elfffi
mo.Drrn ,co53 t E l.lM. t.sr th.n r* ot.[ g{pr udt d In l[ftdon tn
p|!!.ln3,5utth.n*otd.t rtr{nlntwhtdrSNPrhry.turddton!..rr.@j
nrddmotf tA&| l t i

rnmbly+c usd, ..d @nbtntng $qMi! d.t! from ceL.! .nd rfie
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55,000-2 frillion bp frag-

?nzyme, The lragments arc
i!ned in bacteria adificial
.nomosohe (8AC) vecto6.

2| aalqs ?Y <u1lqs fu+) - 14,*a.t a

/ffi\ 10.:r rwo apptoa.hes to sequencins DNA
f\Ill-' h th€ i;erarchicatapprcach (eft), ma,ke$ are mdpped
it' and the DNA fagments a€ then align€d by matchi;g
bvenapping marked sites whose sequenceis known (sequence
tagged site'5T5).tn the shotgun approach (ri9h0,the DNA is9utr approacn ta9nq,lne DNA 6
ragmenled and a compurer k lsed to find rhe markeB.

.V€e.,
>a

Hierar.hi.al sequen.ing

anrrm"trfrrrr|l�lfl 0 H. adn DNA \ rn flIrlml--TlfTf-frfFfr)

lffffiti?ia*N I- i

|. f-- f--- r---r --.---r|r-
tr--t F:--l -r"t |:r] f-r f-n F--t

l- r--- ---1rT-:-r - IT
o i l , qEE

T-----r r- -'f '._- --

tr'-n
blrkthdi-n /

F-m
t^2

,qr$

Ahuman chromosome is
rtained to €veal its bandi,

sequence-tagged sites (5TS)
are identified onthefraq

Trie BACfragmentsar€.urinrosmatt pieces and
i:quenced from sTS lo S15, s00 bp at a time.
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Cell adlBion 62.1,9%)

Mol€cula. tunc{on unk,wn fl 2800, 41,7%)

Mb.d.@6 (1318, 4.3%) flsq0.6%)
cltGkderal sttEtuEl potein (876! 2.8%)

t2@,ot%l

{376,1.2%}
Sructlr.l p6t€in ol t|l@h (296, 1.0%)
PEtoomog* (so2, Zg%t

erctum bhdu|g rfotein (34, 1,0%)
Intrellula. tu6pdrer {350, 1l %)

{533,1J%)

TEtrfer/@id pDr€ln (286,

T'adcn ion faclor fl650, 6,0%)

Nlcleic acid onzyme (2306, 7.5%)

si,qn5lins molecale {376, 1 2%)

s€|e.l E€{latory ml@lo {$4, 3,2%)

qnth@ dd syntheras €13, 1.oYo)
OxidorEdEtas (656, 2.1 %)

figurc lZ20: A pl.liniorrt tunclioral Glas.ilic.rion ol hun.i potypepride-enc0ding gsnar.

Known or prodicbdJuncdonstor263A human polypeplide-encoding genes. Classificslion is accordingtorhe G0 not€cutartunsnon
calegories as sholttn in the outercirclelc€ns ontologyclassific.tion -s€s Sertion 83.6) orto Celsra's PsnhermoteoutarJuncrion
categodes (inn€rcirctB). Bsproduced fion Vs|ttsr eia, {2001I Scied.e29r, r3orLt351, wirh p;mission hom tha Amorican As6ociation t r
the Advancem.nt ol scbncs.
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lrrVil^,r,v ctltttP 4{:uary€t ,R€

chimp Genome Draft online
Th€ elalioship beM€e. humans and chimps just got a little edi4 to
lndedand Tlc !t€ek, the coiertium that has beetr unreLing lhe
DNA *Wen e of our cl6sr cousin for the P€st year Put 'ts results
into the public domain, Robe.t Wat.rston of the UniEEity of Wash-
ingbon, seattle, and his @lleaSues ai ihe Boad tnstitste in Gmbddge,
i,lassachlsens {induding the fonner 8e.ome lenter of ihe Whilehead
lnstibrte for Blomedicl isearctr), and at the washjn8td Unire6ity
cenome s.quencinS center in 5t. Louis, Miss@ri, haE detehined
tr order o{ rany of lhe 3.1 b lliol bds of a {ngLe rale cl'iTos
Bsome. Until nfl, dU ptg ol &dPheed DNA me a€ildb{e, and
tlEir placment rtorE the two doa dlFrnosones $€s uncerlain

o'r awia8e, e..h b4 6 *quen.ed onty four times That5 flr

shdt oi the curent lo-fold cover.g. of tie human genorne, blt it!
enough to put together a ough 4.ft with n.ny bas in tne tight
order, which the researchas deposit€d online in OenBank fte.on_
sortium matcied up the human and.himP Senomes ba* by be d
mLrch as po$ibie, ao alignftent that wilL make it easi€r for re-
srche|! to lind etlsiw gene5 and eguletory reeron! Ihe matchuP
will also higblight 5pecific difie€nces between the lwo genomes, Per
haps furthe. hintiog dt what *t u5 apart,]he sque.4 ir noe lhan
r*ea(r6 (ou.d faw l.oped fo. ! rw yea6 ago. slys Ajir veAi o'
the UhNe6i! of Califoria,San Diego, and iL"willbe nost "seful 60r
ge.eticsB rryintto,ird genes esporsible.or r.henied dlseeses.

Work on the .himp s.qucnce coniinuer but in the meantime,
the consortium is taking the next f€w months to ana9e th€ data
it h.s. lt expects to publish esults e*ty nert year -E.P.
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Genome Comparisons Hold Clues to Human Evolution

H-r m ei. ch.rg* h 8!c for lF.ting, o{fdc"
do, a.d !p*dr h€lp€d pdrpt l{run *o&no
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Fisu6 l.lO ahgb l'luclootde Polymorphbm3 A srnallpiec€
or a g€n€ sequ$c€ lor thr€€ difter€r't individuab ls €pr€€€nted.
For simplicity, only on6 sland of a Dr,|A mol€cll€ is shown. Notlce
how p€rson 2 has a SNP in this s6e wnich has no efi€ct on P.o-
tsln slructure and funstion- P€6on 3 howov€r, nas a diff€Neni SNP
In lh€ same 96n6. ThB slbile g€neUc cnange hay srl.ci how this
p€|son r63pords to a m€dlcal druq or inio€@ th6 llkollhood thst
p€.86 3 will dddop a gg|s$c dl!.€e.

Incrcalgd slsc€piblllty

Fislr. t.lt S€crstsoftlB Humn G€nomo Inth€tuturs'wo
l|llt hav€ unpr€c€dstn€d knowl€dge oi our g4€tlc mak6-up
hduding sNPs and oths malk€r8 ot g€nenc d!€€E€6. can vou
rhink ol posFibl€ sthlcsl, l6gal, and €@ial impllcaibne ol aoch

Lrq lo
ti,ltn'ZaJf,

ltgtcla/<

SNP



dbS[P Slatislics {f/CEl Gen0me Build 30, lJ0vember 200

t\htlt\t/$sM,tsthinln' nihJ@/Glt?!1q,Hnndt9t"st: Jiltfuru"rrsdlE Iru,nd€r r)r'

nct RefSNPs havingthe not€dfuncrional rslationshipto at le8st one mRNA in the

asssmbly. Gene count is the number of distinct locus id{s) having at least ons

ion ofthe noted funstiona I class. (Genes with multiple variations mav be counted in

sNP Counr

slnonymous ro contig nuclcoride

nonsyoonymous to con.ig nu.leoride

+

291,,459
1,2,322

r3t,9a7

277

2a,49r
13,501

26,442

a,496

13,208 .

22,tt3

264

11,521

3,584
issme a .ontig nlcleoride

Sl\lP flesoune!
URL

dbSNP

Th€ sNP cocodum (TSc)

ATNCBI

Ac rhe $/ftirehad rdciture

A @leboErion ofindurritl dd
&ademic laboFtoris

t w.ncbi.nlm-dih.sov/SNP

t hrrp://\lam-gdome.wi.mir.edu/snp/humd/

t hnp://snp.cshl.ors
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Indlvlduals €€pond dtbrenty
b lho anlliouksmla drug

emercaplopu n€.

An6r . simDl€ blood !.6t. indMduate
c€n b6 giv€n do6$ oi modicatbn that

ar6 tailored lo tielr genotic profl6.

the drug quickly.

hlgh €nough lo

avold tonc sld€ etlocts

be hlal.

.",^",""""3fr3
(rP[,lT deficient)
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do€ag€ for €adr Indivldual ba€6d on the g€ns that porson expr€sss.
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The lnternational HapMap Project
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What ls the HapMap?

The HapMap is a catalog ol @mmon genelic variants thai
occur in human beings. lt describes what these variants are,
where they occur in our DNA, and how they are dishibuted
among people within populations and among populalions in
different parts of the world. The International HapMap Project
is not using the inlormation in the HapMap lo estiablish
conneclions between particular geneiic variants and diseases.
Rather, lhe Project is designed to provide information that
other researchers can use to link genetic vadanls to the risk for
sDecific illnesses. which will lead lo new methods of
preventing, diagnosing, and treating disease-

tne
DNA
in our
cells

'^ft1@o'ftr|.rilE@d|rdd

dr^,.r..|.rddnyqlffi

Figurc 1: Vlhen DNA sequences on a paft of
chrcmosome 7 from two mndom individuals arc
compared, two single nucleotide polymoehisms
(SNPS) occur in about 2,200 nucleotides.

conlains long chains of four chemical building blocks -
adenine, thymine, cytosine, and guanine, abbreviated A, T, C,
and G. More than 6 billion of ihese chemical bases, slrung
together in 23 pairs of chromosomes, exist in a human cell.
(See hnp/ virw.dnaftb.org/dnaftbr' for basic information
about genetics.) These genelic sequences contain information
that intluences our physical traits, our likelihood of suffering
from disease. and the resDonses of our bodies to substances
that we encounter in the environmenl.
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. Iio SNPS

Figure 2: The constuction of the HapMap ocrurs in
three sfeps. (a) Sirg/e nucleotide
polymoryhisms(SNPs) arc identilied in DNA samples
from multiple indivduals. (b)Adkcent SNPS fl,af are
inheited together arc compibd into haplotypes."
(c/Tag" SNPS within haplotypes arc idontified that
unnuely idenw those haplotypes. By genotyping
the fhrso tag SNPS shown in this tigure, ressarchers
can identify which ot the four haplotypes shown herc
arc Dresent in each individual.

The genetic sequences of ditlerent people are remarkably
similaa. When the chromosomes of two humans are compared,
their DNA sequences can be identical for hundreds of bases.
But at about one in every 1,200 bases, on average, lhe
sequences will ditler (Figure 1). One person might have an A
at that localion, while another person has a G, or a person
might have extra bases at a given localion or a missing
segment of DNA. Each distinct "sp€lling" of a chromosomal
region is called an allele, and a collection of alleles in a
person's chromosomes is known as a genotype.

Dillerences in individual bases are by tar the most common
type of genetic variation. These genetic differences are known
as single nucleotide polymorphisms, or SNPS (pronounc€d
"snips"). By identifying most of the approximately 10 million
SNPS estimated to occur commonly in the human genome, the
International HapMap Project is identilying the basis for a large
fraction of the genetic diversity in the human species.

For geneticists, SNPS act as markers to locate genes in DNA
sequences. Say that a spelling change in a gene increases the
risk of sutf€ring trom high blood pressure, but researchers do
nol know where in our chromosomes that gene is located.
They could compare the SNPS in people who have high blood
pressure wilh the SNPS of people who do not. It a parlicular
SNP is more common among people with hypedension, that
SNP could be used as a pointer to locale and identify the gene
involved in the disease.

However, testing all of the 10 million common SNPS in a
person's chromosomes would be extremely expensive. The
development of the HapMap will enable geneticists lo take
advantage of how SNPS and other genetic variants are
organized on chromosomes, Genetic variants that are near
each other tend to be inheriled logether. For example, all ol
the people who have an A ralher lhan a G at a particular
location in a chromosome can have identical genellc variants
at other SNPS in the chromosomal region surrounding the A.
These regions of linked varianls are known as haplotypes
(Figure 2).

In many parts ot our chromosomes, just a handlul ol
haplotypes are tound in humans. [See The Origins ot
Haplotypes.l In a given population, 55 percent of people may
have one version of a haplotype, 30 percent may have
another, 8 percent may have a third, and the rest may have a
variety of less common haplotypes. The lnternational HapMap
Project is identifying these common haplotypes in lour
populations lrom ditterent parts of the world. lt also is
identifying "tag" SNPS that uniquely identity these haplotypes.
By testing an individual's tag SNPS (a process known as
genotyping), researchers will be able to identify the collection
of haplotypes in a person's DNA. The number of tag SNPS that
contain most ol lhe information about the patterns of gonetic
variation is estimated to be about 300,000 to 600,000, which is
far lewer than the 10 million common SNPS.

Once the information on tag SNPS lrom the HapMap is
available, researchers will be able to use them to locate genes
involved in medically important traits. Consider the researcher
trying to find genetic variants associated with high blood
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pressure. Instgad of detemining the identity of all SNPS in a
person's DNA, the researcher would genotype a much smaller
number of tag SNPS to delermine lhe collection ot haplotypes
present in each subject. The researcher @uld locus on
specilic candidate genes that may be associaied with a
diseas6, or even look across the entire genome to lind
chromosomal regions thal may be associated with a disease. It
people with high blood pressure tend to share a panicular
haplotype, variants contribuling to lhe disease might be
somewhere within or near that haplotype.

Home I About the Project I Data I Publications I Tutorial
Please send questions and comments on website to

help@hapmap.org
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Which Populations Are Being Sampled

The Intemational HapMap Project is analyzing DNA lrom populations with African,
Asian, and European ancestry. Together, these DNA samples should enable HapMap
researchers to identify most of the common haplotypes that exist in populations
worldwide. [See What ls the HapMap?]

Because ol lhe history of the human species, mosl ol lhe common haplotypes in
human chromosomes occur in all human populations. [See The Origin of Haplotypes.]
However, any given haplotype may be more common in one population and less
common in another, and newer haplotypes may be found in just a single population.
Etficiently choosing ihe iag SNPS needed to ideniify haplotypes therefore requires
looking at haplolype lrequencies in multiple populations. Also, genetic datia from more
than one population will enhance the ability of researciers to study the genelic
conlributions to diseases ihal are more or less prevalent in difterent groups.

The DNA samples lor the HapMap have come from a total of 270 people. The Yoruba
people of lbadan, Nigeria, provided 30 sets of samples from two parents and an adult
child (each such set is called a tio). In Japan, 45 unrelated individuals from the Tokyo
area provided samples. In China, 45 unrelated individuals from Beijing provided
samples. Thirty U.S. tdos provided samples, which were collected in 1980 from U.S.
residents with northern and western European ancestry by the Centre d'Etude du
Polymorphisme Humain (CEPH).

The blood samples are being converted into cell lines, which are used to make DNA, by
the non-profit Coriell Institute for Medical Research. [See
http//locus.umdni.ed[y'nigms for more information.] Coriell provides DNA and cell
lines lrom the samples for research projects that have been approved by the
appropriate ethics committees. The samples and cell lines are not linked to any
individual in the populations studied. However. the samples and cell lines are identified
as coming from one of the lour populations participating in the study, which raises
ethical issues associaled with conducting genetic research in named populations. [See
How Are Ethical lssues Being Addressed? and Guidelines tor Referring to the
HapMap Populations in Publications and Presentalions.l

To assess how much additional information would be gained by genolyping other
populations, haplotypes in a set ol chromosomal regions are being analyzed in samples
from several additional ooDulations.
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Common diseases such as cancer, stroke, head disease, diabetes, depression, and
Project Information asthma usually result from the combined effects of a numbor of ggnetic variants and

environmental factors. According to an idea known as the clmmon disease-commonAooul lne HroJecI variant hypothesis, the risk ol contracting common diseases is influenced by genetic
HaoMap Publications vadants that are relatively common in populations. Not enough data are yet available to
HaplMap Tutorial evaluate the generality of this hypolhesis, but more and more widely distributed genetic
. . ' .. ' .. ... . . . vadants associated with common diseases are being discovered, including variants that
HapMap Marlrng Lrst contribute to autoimmune diseases, schizophrenia, d-iab€tes, asthma, stroie, and heart
HapMap Project Parlicipants atlacks. One of the many benefits of the International HapMap Proiecl will be the use of
HapMap l\,4irfor Sate in the HapMap to learn moro aboul the links between these common disorders and our
Japan genes.

How Will the HapMap Benefit Human Health?

The Intemational HapMap Project will benefii human health by providing an extensive
resource thal researchers can use to discover lhe genetic variants involved in disease
and individual responses to therapeutic agents. Once such variants have been
disclvered, researchers can learn much more about the origins of illnesses and about
ways to prevent, diagnose, and treat those illnesses.

The goal ol the Project is not to idenlify these disease-related genes dlrectly. Rather,
by identifying haplotypes, lhe Hap[,lap provides a tool that can be used in what are
called association studies. For lhese studies, researchers will compare the haplotypes
in individuals with a disease to the haplotypes ol a comparable group of individuals
without a disease (the controls). lf a particular haploiype occurs more frequenlly in
atfected individuals compared with controls, a gene intluencing lhe disease may be
located within or near that haplotype-

Knowledge derived from use of lhe HapMap also will result in advances that are difficult
to predict today. Medical treatments could be customized, based on a patient's genetic
make-uo. lo maximize effectiveness and minimize side effects. Genetic varianls
contributing to longevity or resistance to disease could be identified, leading to new
therapies wilh widespread benefits. As with any new body of knowledge, the HapMap
is likely to lead to bolh new challenges and to unexpected and unprecedented
opponunities.
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Human pigmentation genetics:
the difference as only skin deep
Richard A. Sturm,l* fleil F. Box,r and Michele Ramsay2

$||n|n rlr
There is no doubt that visual impfessions of body form and color are important
in the interaclions within and between human communities- Remarkably, it is
the levels ofjust onechemically inert and stabie visualpigmenl known as melanin
that is responsible for producing al shades of humankind. Major human genes
involved in itsformation have been identified largely using a comparative genom,
ics approach and thrcugh the molecular analysis of the pigmentafy process
that occurs wthin tbe melanocye. Three classes of genes have been examined
for their contribution to normal hirman color variation through the production
of hypopigmented phenotypes or by genetic association with skin type and
hair color The 1\,4SH cell surface receptor and the melanosomal P-prctein afe
the two most obvious candldate genes influencing variation in pigmentation
phenotype, and may do so by regulating the levels and activities of lhe
melanogenic enzymes t),rosinase, TRP-I and TRP'2. BioEssays N:712-121,
1998. o 1998JohnWley& Sons, Inc.
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TABLE l. Human Pigmentsdon cenes
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SLC24A5, a Putative Cation
Exchanger, Affects pigmentation

in Zebrafish and Humans
Rebecca L Lamason,l* Manroor-Ali p.K. Mohide€n_1i

Jason R. t'tesi,: Andrew C. Won&rj Hearher L. Norron,6
- - Michele C. Aros,r Michaet J. Jurynec,s Xian)run M.o,6
vlnessa R Humphrevilte,rg Jaspel E. Humben,z,. soniva Sinh..2

J€ssic! L Moore,'I pudur .;agadeeswaran.lo W"i Zt."-'
Cang Nin&, ttab.ta_ M.kdowsta,T paut M. McKeigue,ir
Davtd O,Donnell,rr Ri.k Kitttes,lz Esteban J. pa;,r!

Nancy J. M.ngint,ra D.vid J. crunw.td,s HarkD. Shriver.6
vlctor A. canfietd,a Keith c. Chenglrsll

tighter variatlons of pigmentation in hlmans are associdted with diminished
numb€r, size, and density of m€tanosomes, th€ pignented o.gun"rr", ormehnoryre Herc we show rhar ]tbhtish gorcen mutants share theseme|anosomat changer and that golden encodes a Dutative catiotr exchancer
slc24a5 (ncrrs) that localizes to an int..cellular membrane. tikelv ;he
meLanosome or its precursor. The hunan ortholos b r,isl,g,i-1L,'';
sequence and firnctional in rebrafish. The e{otutionarity conserved ancestratallel€ ol a human codtng potymorphism pr€domrnates |n Arric.n and E6tAsidn popuLations. In conkast, the varianr altete is nearly fixed in Europeanpopulations, i! dsociated with a substantiaL r€duction iri rcgionaL heterozy_gosity,-and correlates whh.tighrer skin piSmentation in admded poput tio;s,suggesting a key rol€ for the 5tc24r5 gene in human pigmenration.

EsrmlH afiien an6ry (%)

Fi& 1. Phenotype of golde zebEfish_ tareGl
vies or adult wild-type (A) and golder (B)
zebr.fish. Inreti show m.lanoDhores l.row-
heads). s6le b..s, 5 mm (inser 0.s mm).9o1,1
mltants have melanophores that are, on av-
erage. smatler, mo.e pale, and transparent
Tcmmi$ion electron midogEphs of s*in met
anopho/e r,on 5thpf w d-type (c and E) and
goPl {D and F) lituae. golr'skin nebnophoA
(aEoMeads show edges) are thinner and @n-
tain reMr nelanosmes than do thoee of witd
type. Melanosomes ol golbl tedae are fewer
in nunber, imallea le$-pitmented. and inegu-
lar comp.red with wild b'pe. S@le ba6 in (C)
and (D). 1000 nm; in (E) and (r), 200 nm.

:

;r

g
E

i

!!:"9:-Ef:1 
.1 5j!i45.-8."notyp€ on pi8menration in adhired population! (a) vaiation ofm..su.ed. o,gnent.lion wirh estirftted .ncestry 6nd s.Cl4as s*.rype. E"a p"l"i i;,"!;,-;L;sin8re individual; 5ac24A5 Eenotypes are indicat;d bv crhave equ.r stop.es. ro, e.c-h or iri" 'ri,* il,itir.i"i iij"fiilllii"1llif;ffiil:;iH:ll""l:;pisfrentatio. afte' .djustm.nt for .ncestt ro i :"ch ;eiotype: vatues show-n .. tri" oln"i"n*behr_een-rhe mea5ured melanin index 6ni the etoLreA cc represon r;. r" = n >li,l 

_j
ru.yrt. Ine. correspondin8 uncorccted hrrro8raB are'hoM i fi& sr. viin .nu so rin
H":fft-li. cr'- "s ro["w' ro, cc. o (8.s1n . zoz i"ai,io*r., r"i-ri. _z]di]ri,-_ ii i"i
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History on a Chromosome
Genetic m utations act .s ma*€rs. tracing a journsv through time The earliest known mutation to

;pread outsids Africa is M 168, which arose some 50,000 vsars sgo This graph;c shows rh€ Y ohromo_

somsofaNativeAmericanmanwithvariousmutationsincludingM16S,provinghisAfdcanancestry.

An€str.l OutofAtri@ Eui.3ian Amorlndit'

Allmales l\tlgEntsftom M9, @mmon M3 'rds in

share thir Aiiica codied s in Eurssians, the&ian poP

basacconfiqu- nsmart6r, appoaodinlh€ ulatronthat

Lt-, ."ii,a Ml6s,found in Middl6 Eatt ot roachod th'

inAfri€, a nonAf.i@ns. cantElA6is. Ameracas.
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What Genes and
Fossils Tell Us

O fticsncl.d.
Moct p.l@antiopologisis and

s€n.ticisrs agr@ ltut modsrn hlm€nt
6l@ somo 200,fii0 y€ac 8so ln Ar €.
Ths eadion mod.rn humanfo$ile
sro tound in Oho Kiblsh, ElhioPia
Sit€s In l*€61 hold tho .arli€.i €viden@
of mod.m human6 olldd€ Af.i€, but
lh.t gbup @nt no tunh.r, dyhg oul

@ ealy europeans
Prleo.nthropologMe long thoughr
th.t tho pooplino of Europ. follo@d
r routo rom Nonn Atrica rhbush tho
L€vsnr. But g€n€tac dara sh 

 

rh.t
th. DNA ot lodry's wosrsr. Eur€sidn3
6$mbl6th6tof p.oplo ln India.
lls posiblorhdan inland miorarion
from Ada soodrd Eurep. botw.€n
4OdtO .nd 30,!00 y.sE .so.

F#ffiH'

@ od otAtnd
Gsneric da$ 6howlh,t €.mall grolp
ol mod.rn hum.ns l€ft ALica ior
qood 70,000 to 50,000 ys6 aoo and
ov.nlurlly 6pla@d all sanlei lyp€6
ol humans, such as Noandandk All
non-Af.i€ns .ro tho d@.nd€nts of
ths t€wlols, wlD may hrw mig6t-
.d .o!nd th.lop of th€ R.d s4 o.
.tu$ n! n.ru .outh€rn opsnl.s,

@ Populatins Asio
Around 40,000 ysa6 ago, humsns
push€d ido c€nb.l asi€ and.iiiv.d
onrhs gr.$y 6loppss nodh olrh€
Hlm3loy,, Ar fte s.motim6,rh6y
lravelsd through Soulh@st Asia and
Chin., ovsntually B.ching J.pan ad
Sib.ria. Genotic clu.a indieto that
hutuns in nonhorn Asia ownturtty
miedigd to th. Am€ioas

@ rrre nr:t lu:tratians
Di&ov.ri€ at two anci€nt 6itF
€niracts lrom M.btun.nj. and rosils
nom Lak€ MlnsFind'@ts $.r
modorn humrn.follored € coanal
rom€ along .odh.rn A.i. dnd Each€d
Ausl6li. nsrly 50,000 y€6 3go. Th.n
d6r@ndanb,Au$.allanAbo sin*,
Ehrin€d g6nsrlcally lel.ted on rh.r
i.l.nd .onlmnt u,iil re.ntly.

@ tnto lra I'lo,'. WoAA
Exacdy wten rh. trrn p€ople anived
in th. AmoiFs i. nirr hotty dobarod.
G€r.fc .vldsncs sugg.3t6 it w8s
b6tw..n 20100 and 15,000 y.ars .oo,
whsn s..la.lsworo low6nd land
contrst€d sib.ri. to Ateka, lB .h.at6
n@ld hM @.Ed th. Inreior of
No.th Amodca,loEins tt6 re
orlvab $ rlMl dryn dE s.t @6i.

I

i
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The Genographic Project
Published 2 weeks, I day ago

Two monttrs ago my father told me that he had just sont a cheek swab sample to the National Geographic
Genographic hoject, which, at the time, I had never heard of. To have the website tell it, the goal of the
goject is to'hnde$tand the human joumey - where we came from and how we got to where we live
today." The data collected "will map wodd migratory patlems dating back some 150,000 years and will fill
in the huge gaps in our knowledge of humankind's migratory history."

The oarticipation kit is only $100 and it's monoy well spent if you ask me.

After having read both Jared Diamond's Guns. Germs. and Steel: The Fates of Human Societies and Steve
Olson's Mapoing Human History: Genes. Race- and Our Common Origins, I couldn't wait for my father to
receive the results - I'm completely fascinated by this stuff

The results

To be clear-these tests are not conventional genealogy. Your results will not provide names for
your personal family tree or tell you wherc your great grandparents lived. Rather, they wilt
indicate the maternal or paternal genctic markers your deep ancestors passed on to you and the
story that goes with those markers,

A few days ago he got tie r€sults and shared the online account with me. They're utterly fascimting. The
pictue below shows my "ancoshal joumey." At the website, this picturo is iqtemctive - clicking on a
marker will tell you the story behind it.

 

 

AoAn-
to 79,000 y.rr! .go ;J".*

In additiot tp this migratory map, you'rc also given your genetic sequence (not roProduced here) and told
how to interpret it in light of these mass migratory pattems. Finally, you're told your "genetic history"
(reproduced below), which basically summarizes wherc and \ehen your haplogroup originated, how they got

rl
t
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The kit i.rclu.tes the ro owins

. Auccal swab kit

.  Mul t inedia DVD

. Exclus ive Nat ionat  Geographic
cenographic Map

. "Quick start'. card

. cenographic project Brochure

.  se l f -addfessed envetope

. confidehtiat cenographic project

tD Number (cprD)

The p l rchase pr  ce a lso nc ldes the cost  o i
tne tesnn9 and ana ys is .  I / r ternai ionat
pdrrc panrs p e.se see note below.

2

HOW TO PARTICTPAIE

Public part icipation, including
yours/ is cri t ical to the
cenographic project,s success,
'1ere's how you can get involveo:

PurchEsing a pubtic partjcipaiion Kit will fund
important research a.o!nd the wortd_and
open rhe door to ihe ancient past or your own
g€netic background.

With a simple and paintess cheek swab you
can sample your own DNA. yoult submit the
sampie through our secure, private, and
compretely anonymous system, ihen tog on to
the project Web site to track your perconal

This is not a geneatogy test and you won,r
rearn aDout your great grandparents. you witl
learn, however, of your deep ancestry, the
anoent genetic journeys and physjcat t.avets
of your distant retatives.

To insure totat anonymity you wiJt be idenfined
at all times onty by your kit number, not by
your name. Ther€ is no record, no database
that links tesr resutts with the names of their
contributors. If you tose the kit number there t
will be no way to access your genetic resutts.

As vour own genetic ancestry is reveared vou'l arso see worrdwide samples map humankino sshared genetic background around the wortd an6 th.ough the ages.

Ir you'd like to cootribute your own resutts to the project,s gtobat database you. 

 

be asked toanswer a dozen "phenotvping" questions thar wi 

 

herp place vour DNA in curturar conrext.

This process is optionar and compreterv anonvmous, but ir's arso important. Each of us has a pan



Jewish and Middle Eastern non-Jewish populations
share a common pool of Y-chromosome
biallelic haplotypes
M. F. Hammer*+! A. .1. R€dd*r, E. T. Wood*r, M. R. Bonnerr, H. lariana:i,, I Karafut*, S. Santachiara-Bener€<ettir,
A. oppenheiml, M. A..,obtingr*. T..,enkirEi, H. o5t."*', ,.a s. B;nnarin|iJ
'bbordory of Mol..ul.r Svnematig and E6rdid unm^tu ot ari2otu, Tuen.,rz 35721; rEEp€rt n€nt ot G€netjq uniwEita degri Stoda di pavi.. pavi.27 i 00. rbry. rHaddsh Medior s<hoot, Heb,€w unG',ry or raruekm. r.,uekn er 12q rs;el .:D€p"m"m .i t".ai. iri.,*",ty "E1 7RH, Ensran4 -sAMrR. u.i*ditv or w*ftB:hd r^h."n6bu.e 700q sodh ar,i;i Edp,n;"n .i uir-,i il*ild u.@Erty ^redk r Gtu,r€w Yorri Ny 10o16j and rD.p.rrn.d or Hurun G.nd6. e.kre, *n;or or r,,"ai.i.e R";n* a"i" ie;ii l;;J'- 
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Commlnl@r6d by Arno G. Mohjkky, UniErtty of w.lhington, s.atrh, wA, Mardr 1s, 2o0o (reeiv€d tq revi€w Norembs ,Z 1999)

H.Plotype. @n5rd.t d fron Ydfotr|o.d. marlc't k€€ q..d ro
a.@ tlF p.t nel origitrt ot rh. lekh Dia5loE A sr of la
ti.llelic F morphhB war genotyFd in r37? m.!.5 frcn 29
lopularion5, i!.ludlng 7 J.wLl' (Ashken.zi, nonan, Nonh Af.i@.,
Kudhh, Near E*ler.L Yemonit€, and Elhiopian) a.d t 6 non-Jewtut'
9@p5 from rimilar g.ographic l@tid3. Ihe lewi5h popuhttos
*cchar..t ized by. dtue6. ret of t3 baplotypg ihatweFd$
pl*nt in non-rewirh Fpulation lrom Afti@, A5i., and Europ€.
A si6 of a.aly* was p..formed to addrsi whdher mdom
l.wbh Y<hom@ne diversity d€dv6 m.inly frcn a @mmon
Middl. Ean.rn 5our@ populadon or fron .dDixltlrc with neiqh-
boring nd"lewEh populatic do ng a.d .fter tho Dispora.
D€.pit their long-t m caiden@ in diff.rcm oudtrier .nd bot -
dd from one anoth€r, n6r rewbh populations mre not rig.if-
icaody ditt€rent fron ore .nothor ai the gened< tevel. Admtrtlr.
esdn.ts 5ugg6n4d bw leveL ot Eurcp6n Y<h6n6one 9.n.
fi@ into A5hke.di .nd Ronan iewiih @mmonitiei A muttidi-

3taristielly differ.nt The re.ults ssppon rte hyporheiir ihst rh.
p.t€mal gene p@k ol lewirh .onhunitiB ton Eurcp., North
Afti@, and th. Middle E6i .r"-.-ar --- - .*-* Mr,r,{r"

le:ts@glcd.d{l and rusgEn dEt n6t-ifiliEim
muniriee h.n €nt.in.d nldiEry.l$l Eltom mishbodng non-
Jwi$ @nnoniti8 during .nd .fi.r th. Di-tq..

f tA5  l  !mo2r0o tvor_e ,  t  io .1 ,  t6 -nr



//asT €€*tTt< o/ynq f,lrg
arek/ri --/c-/ /i y'l.r

foa27 4* tqt / a-fuZr

l" Wuu ,(zagarsl

Diverse From the Start
Th€ diversity of gen€tic ma*€rs ls gr€at€st in Afdca (multibolorod dots in map)' Indicating it w€s th€

oarliost home ot modsm humans. Onlv 6 handful of p€opl€, cairying a low of the markarc' walk6o

outofAlrica(cenrsr).nd.ov6rtgnso'thousandsofyoars.s66dedotherl6ndskighd."Thog€n6tic
makeuD oI tho rost oI the world is a subset of whaft in Africa," says Yale genstlcist Konneth Kidd'
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,r4.1 aoqtw hJ/o^n

RaC. s a larSdy oon-biotogi6t conepr con-
round.d by rnisundeBhndina ard a tone
hi,tory of pr+drce. rt'e .a"ron"t ip oT
genoo i6 ro rhe @ncepts of fae , nd ethri-
oty has to be @nsidered w,rhb 6utex

64r-v
evtr;e<.1

e.4

rclate genetics with constructs of ncc and
ethnicity reed to be bett€r understood rnd
co'Muniatrd withiD the next f€wy€ars.

This will .equn€ res€arch oD how diffd-
€nt individuals ard clltu|es conceive of.ac.,
.thnkity, Sroup id€nriry and setf-identitv.
tnd what lole rhey beti€ve !ene5 or orh;r
bioiogica.l factors hav€. lt wili alro r€quirc a
qitical *mitrarion of low he scinu6.
cdmunity undelstands and us6 these @n-
c?ts in desigdng r€search and pr$entins
findings, and ofhowrhe media r€tod rhele:
Abo nec€$ary ie widespread cducatior
about O'e biolo&c.l meanins and timra.
t'onsof r6errch fi ndings in thisarea (Bd6)
and th€ formularion and adoDrion o
public-polKy optiotu rnat prot€A iga,ns
Senomi6-basd d iIcrimjDrion or malrrear
m€nt (gce crand Cbalcnge  r- I ).

Q0,7p,o,..,
a,< /z

itd'-/r.;t

7lzs4

\aiation in th€ *enon€ b shared

Espltrof ccial catego.ies to ctassrfy bio-
logical L?its,ts prcne to mEinrerprctrion.
To minimiz such nisintc.prerario;, rh€ bio-
logicll and sociociJtural hclo$ that int .- @rvotf
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A gen
concepts

Marcus W Fel.lman, Richard c.
Lewofitin 3nd Mary-claiE King

lql ace d a biolosrcJ concepr hd had r

k' vanely of meao,nss In tneldonomic
I \likratue, a Ec. n a ny d isu nguisnabh
type within a species, such d da.k-b€Uied
and Light-bellied vdiants of snall nanmals.
ln 1937, Theodosius Dobzhanslg intoduc€d
rhe idea ofgeoglaphical racer populations
ofspecies that ditr- in the liequencies of one
or more genetic variants. But as no lwo pop-
uiations have identical gene iiequencies at
uriable (pol)morphic) loci, Dobrhadskyl
dennitlon of rae becoms qnonynou

to our species, is based on pbenotypes such as
skin @loui facial features and han form that
t1Ffi?it, u*wen native inhabiiants ol
ditrerenhegions ofqg

Race
Ancestal genedc data arc far more
useful for nedical purpases than are
racial categories. whbh may be
canelated with disease far social ar
ecanomb rather than bblagical

tiallyddastatingformedicalpnclice,
Other atlenph to classiry people into

broad genetic groupsbased on thefrequency
of specific ge.es for,sa, drLrg'nelabolizing
enzynes, are also lik€ly to be poor pr€dicto6
of n€dial outcone. Ar with racidl gioup-
ings, the ovenll varjation in the ftequencies
of such gen6 between groups is likely to be
le$ thanthatwiihin each g.oup.

Why this apparent pamdox? The adswcr !
is dEt genes that are gcographically distincr
tive iD thcir ftequefties are not typical ofth..
human genome in gen€ral. I

It hN been suggested that racialcalego'
rizarion has a valid role in good nedjcal
practice because nany nedicallyimportant
gen6 vary bdween poprlatjons fron difeF
ent regions. But although knowing a
patient: alcestry is often extremely usetul
in diagnosis and treatnent, race is both too
broad and too nadowd definition ofancs-
tryto bebiologicallyuFtul-

tinent of origin bur do not rcflect genode'
wide dif{enes beh^/een g.oups.

Discu$ion h6 arisen over the inplica

Eor a ny species, definrrron5 of ma 6 | l6e
k disclininatilg power {hen individuals

to drffecnt rcgons dnd mare with

tions ofthse findidg5 lor the uliltty ofracial
cla$ification in nedi.al pradice- The issue
of {hether race is a biologically uetul or
even neaningtul concept when applied to
humans ir a nedial conte$ is contioversial
- holders ofopposingvieM each claim io
have evidenceto supportthen. Butihere is
no conlradiction between ihese iwo w€lf
substantiated bodies ofdala, s they actuauy

then counterparts lhere. Among humam,
large s6le nigorions between contine s

pariicularly through European @lonill
expansion and the connercial slave imde
has resulted in nalngs of itdividuals fton
diff.rent @ntinents lnd tlre creatron of ns
populations, $pecially iq the western Heni-
sph{e and oceania. Many people thus hav€
anestry lion ho.€ than one major geo-
gdphical egion,neaning that the aso.iation
of ph€notpe and geographybreaks dom.

torexanple, sickle-ceu disease, which is
olten lhoughttobeadAfricdn trait,isinstead
characteristic of ancient ancestry in a geo-
gbpbic rgion wh{e maldia w6 endenic.
Aftka is one such region, but so are the
MediteFanean and south€rn India. If sickl€'
cell disede is suspected, th€n the cored
diagnostic approach is not simplyto deter
nine the paiientt.ace, but to 6k whetber
they have African, Meditenanean or South
Indian ancstry. To use g€notype etrectivdy
in naking diagnostic ard th€rapeutic d€ci-
siors, it is not race that is r€levant, but both
intla- and tans-continental contributions

Race and anceshy de @nfounded boih
by genetic heterogeneity within grcups and
by the widespread ninDg of previously iso-

Matusw Fevha, is i the Detaatuntof
B i o L g ia L S c id res, Sr a nfo d U t ;rd :itt

Rnhnd c Lerokti" is ar n'e Mrteun al
Colnpantit Zlabg, Haffira UniE nt

cdnbi&a Mas.''s.tu o2t33, UsA.

Mary Clane Kiry k i the D.Panmdt 4 Gdane
s.i.nce ana Meaicin , U'tird:itl ofwdhinttan,
S an le, Wds hiid o I 93 1 9 5, LE A.
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Rosnb€ry, lt A er d. sc,&ft€ 29q 233r-Aa5 e002).
eonr.lez Butcha.d,E. et .1. ll. Eltgl. J Med,31F.,
r7G11'�rs {2003).
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Hune nisrdion,.s d.Did.a in Cbd|6 nut!
k'di'AarMadu 5 6hrs rlE 6ound!.i6 of r@.

etic melting-pot
deal wiih trvo diliqent queslions tha! have
becone contusedwilh one anoih€r

The filst question is: "ls it posible lo find
DNA seqtrenc$ that differ sufnciendy
between populations to allow correct assign-
ment of najor Beographi.al origin with high
p.obabiliry? 'The answd to this quesiion is
ye., as shown by studi6 of gendic pollmoF
phisnsand byuniv{elpeNonal experience.

Thesecond question is:'Wtat liactio! of

ftatuBs Gll largdy gendic traits, altlough
l€w of then genas bave been identified) ae
charact{istic of ihe genome gereral. In
other words, jut as there are la!8e differences
between aes in gens forskin colour, so thd.
should be large genetic ditrerencs bebveen
rac6 in general- In the pevious absnce of
daia to @nfim or deny this assunption, it

human genetic va.iation,whetherbased on laled populaiiods. The a$ignneni oia dcial
p.oteir-coding genes or other sequences, .lssification io an individual hides tlE bio-

ContusingBeand ancstrycouldbepoten-

Theconventional,socialdefi nitionof race
is usetulin a medialconterl s it provid*
infornatior about the social cncunslances
and lifestyl€ of pati€nt!. But this is a conse
quence of social bislory so any vaiiation is
Gt leasl in principle) lransitory. By contrst,
information on the likdi.hood that a pesoD
canies specifi c di$ase-related or treatment-
rsporr genes is grcunded in their ancesry
in far nore conplq w's. Wt suggat that
iilentifying a[ contributions to a patienfsl
aocertry cin b. useftn in diagnosirg andl
trearing di5ed€s wrth gen€oc influ€nc€sr
Eventually, foiboth diagnosis and treatn€nt,
specific genetic varianh wil provide con-
ffete,uetulinformatio!. I

tuk w, I } ,n  beo6,rohrr ly  se laa,ed Dopu- log,d l ,n lormdr io-r \ . r i .neededto, .k l l , -
la . ion. .  a1d $h"(  tdd,o_ o. (J  r  between , rgen_tnaapeLU(dndddSno'r rde. . ,o  s .A
$$epop!-r"-oN, hertuq., btnFqF. gpeon cls{fied 6 black o, H.spanr. b)
r'o- , r1-r, mo{ rereric dn.r,n ^"-' (- cocial .onveirion could hrve a nv m in ure of
wrhm 8roups.  in t r rFal  \e , r  I 'hL  ̂  i^ , - ' r  an6rr ies.d.def ined bL {nr inentotor iCin

cat€ that the gene! underlyingrhe phenot)"ic
ditr€€nces used to dsign nce categories ale
e8!jj41, in that tbeymrybetween wes much

@
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Figure l4-4 people f rom di f ferenr  geograph,c reg,ons vary
in soch traits as heighr, blood rype, skin cotor, and faciat fea_
tures.  A.  An hdlar  woman. B.  An ethnic minor i ry  woman f ronl
china. (A. sqlll,.rsrocl; a. Prul atebtiuhas/Tory slone tntngeg

What Are Human "Races,'?

,r'e all know thar rhe human species varies in appearance and
in physiologl geographically. People oflndian descent, for ex,
ample, are recognizably different from rhose of Chinese de-
scent. Ve can look at the shape ofthe nose, rhe eyer, and rhe
err ' ,  lor erample. rnd *e see drf ferenc, rFigure t4-+r.  \?e crn
loolrr  rhedi*r ibur ionoi individual r l le le,andseeditreren.e,.
Fifty-one percent of Nigerians have rype O blood, compared
to only 30 percenr ofJapanese. Twenty percenr of Russians
have type B blood, while fieAmerindians oflima, Peru. have
no detectable levels of rype B blood ar all.

Ninereenrh-century anrhropologisrs snuggled ro classi!'
human groups into a few major races. Some systems identi-
fied only 12 races, while orher sysrems listed 30 or more. One
problem was that no marrer how anrhropologisa clasiied hu,
mans, there always seemed ro be rribes or narions that would
nor fit into any known group. The Baques, who live in the
Pyrenees mounrains berween France and Spain, for example,
appear European. Yet their language and culture are unlike any
orher in rhe world, and some researchers once argued thar they
are direct descendants ofSrone fue Europeans. Sirn;larln the
Bushmen are unique among African groups in borh appear-
ance and physioloy (Figure 14,5).

Amoreserious problem wirh the grouping of h umans inro
races is rhar most groups do zorstand our from those around

:m; rhey blend. Because groups ofhumans inevirably mix,
rhrough migrarion, warfare, and trade, human 'iacei'are never
pure. Borh rhe Japanese and Brirish. for example, rake pride

dt< b t 2L Za-*- --22 t La.t
/l4ta.^. trb.-r;.i /-&...61,...1< &/a.q2

in the puriry ofcheir island races. Yet the Japanese are a gradc
mixrure of Korean and Ainu norrh islanders (a peopb ofpor
sibly European descend. This mix shows up in rhe disribu
rion ofblood types frorn one end ofJapan to rhe other (Figurr
t4-6).

The Brirhh are even moreofa meltingpot than the Japan
ese. The Bronze Age Beaker Folk mixed with rhe Indo-
European Celts in rhe firsr rhousand years r.c. In the nexr
thousand years, rhe Angles, the Sarons, rheJutes, and che pics
arrived, followed by rhe \4kings and their descendana, rhe

Fig( l re |  4-5 c l .ss i fy ing humans into a few o,screre races
has been unsuccessful. Named races freq!enriy include markedly
dis t inc l  peoples.  A.  A Blshm!n f rom Namibia.  B.  A rubber ptanta-
tion toreman from the lvory Coasr. (A, M.p Kahl/photo Rejdrchets,
ttic.: B. Cha es O. Cecil/Visutlls Untinited)
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history have consishntly su8€ested that
most human genelic lariatiotr i5 due to
differences amone individuals withi!
DoDulations nther than lo differences
;mons populat'on5 (a. 3) The Rosen'
berg €r al. anavsis ofmaoy more ma*-
ers and many more people contrrms tnrsulations usinc hie y vuiable Mk€rs on

the human autosom€s of individuals ftom
ditrerent p.rts offte world. The g€noty!€d
nrarkers wer€ oicrosat€llite shon taid€m
rep€at seqB€nces that do not encod€ any
expresed genes aid are cenerally s€lec_
tively neutral. The populations studied
*ere d€fined by c€ography, legpage, and
culture, and panicipating indiYiduals $€re
vEll root€d in their populations. with sev-
eral generations of ancestors known to
have lived in tbe sam€ locale as th€ partic-
ipa . Genotpes ftom more ihan a thou-
sd individuds were evaluted bv a sla-
tistical method that defires clusters of
D€oDte oD the basis of g€netic similaritv at
;ulripl€ loci, widout using prior iDforma-
tion about ancestry. In lhis metho4 irdr_
viduals are assiened to cluste* probabilis-
tically (t Z). Indrviduals may b.v€ signifi'
c{nt probabilities of medbership in more
th.an on€ cluster fue either to genetic simi-
larities of groups or to ancestral rntergroup
natings. 'fte world map {see the ncuie)
illush.tes vdiation at ore midosat€llite
Iuke{ in 12 populatiotrs. This mffker has
four conunon alleles, each of which ap-
pears in all pop{dations. Rare alleles arc
sbared by fewr populations. Few alteles
are unique to only one population. No al-
tele rs population sp€cific _

Previous genenc analyses oi numan

€sula: 9
due to

a record ofthe tralels ad encou ers
of our oncestors. The genotyPes of

people living today are the result of an-
cient human migmtiods, the conhnuous
appearrnc€ of rcw rndNrioB, selection by
ctiBat€ and infection for g€neiic alleles
that confened a suvivsl advantage, and
mating patterns determined by cultural
norms. By sampling genotypes ftom people
across the globe, gen€ticists have tecon-
structed the major featur€s of olr history:
ou ancient Atican o.igin, migatioB out
of Africa, mov€m€nts and settlem€Dts
tltroughout Eurssia and Ocetnia, ,nd p€G
pling of ihe Am€ricas (1 J). As genonrc
technology has improve4 thes€ analyses
of gerotype have successively incorpomt-
ed n€w ma*ers: blood grouPs (?), prote'n
polymorphisms (?), mitochondri.l DNA
sequences (1), Y clromosone haploo?€s
(J), and highly vdiable nuclear nicro-
saaellit€ msrkers (.r, J).

Th€ most recent contributio! to this lit-
erature B by Ros€tberg er 41. (O on Pag€
2381 ofthis ilsue. Th€se inveshgators ex
plored the genetic strudure of hrunan poP-

constuctron of clusteB or lh€ b6sis ofac-
cunolated small difrer€Dces in allelc f!€-
ouenci€s aoioss many mdkers and mlrry
deople. Statistical clustering of geno-
types-composed of 4682 allelcs ftom
377 rurkere in 1056 individuals fion 52
popularioN-yi€lds cr@ps corresPddrng
ro malor geogmphic r€gions ot the wodd
tsee figue I 'n (6)1. creation of rm clu$
t€rs reflects ucient huma origins in
Aftica and rapid exparsion thtoughout
Eulasii. and migrations to the Amerioas
fron East Asia. Creation of five clust€rs
yields gorps correspondrdg to five Dajor
g€ographic regions of ibe sorld: Aftica,
Euasia (Euope, tbe Middle Eret- Central
.nd South Asia), East Asia, Oceani4 and
America. There is excelleDt agre€m€nt
between memb€rship of individuals in
these clusters and their self_id€ntified
r€gions of origitr. Similar results wr€ ob-
taio€d by the same statistical approach
bas€d on fewer populations and fewer
llarkeB lrable 2 of(J)1.
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Mapping Human History
M.ry-Cl.le Kng and Arno C. MoroLky

he DNA ofmodem humans oontams

The authod rr. In the D.partment 6! Medicin.
{Menicl Gene!6) and D.parhst.r ceMe sd_
en.6, unlveuity of wdhlngb4 setnc wa 9319t
uta. E-mai[ hclhe@u.srhii8ts.edu
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Population snbsfuctMe could be con
sistertly jdqrtilied withb sone geograph_
ic regions but not others. Within Atitca.
for exanple. analysis .onsistently yielded
tlE sane fou subclusters: MhtiPygmies,
Biaka Pygmies, Se peoples. and speake6
of Nig€rKordofanian leguas€s {Banlu.
Yo ba. and Matrdenka populationt. ln
contrast, wilhin Elrope. muliiple m.lyses
were not cousisterr MaDy more individn-
als willneed to be included rosort oui Eu
.oped demosnphic hBtor-v.

S C ' E N C E ' S  C O M P  S S

without discontiNities between clusters. to diciate medical managenent for rhe
Afrer tlorsands of yea6-rf enough eltile eroup. Insrea4 critical alleles influ_
markers and people are studied-allcl. encing disease .jsk or response to treat"
lieqrency difiercnces eJe .oileclilely ade- nent are tikely to be either ancrenr,
quate to creare clusters that corespond to worldwide. aDd relarively conDon 'n
rhe major nierations ofhMBnhistory mmy populaiions. o. geograPhicnllv local

Whar are the imDlications of the ized drd ind'v'duuyrde (.r0)
Rosenb-g .r a/. findings for nredicin.'l Ditrerences nnlong populations in d,s
The current dedical lilerature increasingly ease liequency and trertment outcoDe
includes strdies exploring population dif- certainly occur blt niay not be geietic tn
ferelces in diseAe incidence orin etricacy origtu. Civen ihat dle da.Jor populrnon
or adveBe responses to drug lreafteit (J. o.igin ofstoups can be delined bv dulii

locu,  grnolype c lusrer ins (J  7 l  q i thout

' accounl Patients and study partjci
tu . pxnts are usuallv the best source of

such infoDiiioD

,li*":::f-::, /^,rA rl.lssls,E3tt igrjse!.q]g]tis-ellu-  r r r l rn  popu la{ ron  \ l ru i lu re  b )  Ko:enDetg

'  quest ioning indiv iduals about  therr

{G 
d 'eqrv i rna be remprss r r '  er rdemro

.\ t, *i',11:""1il11,,:'1;";::-"il'1J,"$
'<Ll '  t  Jr \  rrrreN t ing . losevn. Lolr la*c 

A 8* 
"rik+['ri,i:.df[

1l \  fd . r rh(y had rorr r . , 'g  ro do

- ti :i1",';r:;;li.::;;ili
, "'\ W ill:;ilnl:;:i..i;:x?r ;#t::*ni:;lr:ir;

impolizDt group diilerences,
, ,  r t  is  therefofe necessary lo

. take all such lisk 1-ncio.s trto

Humans on the mov€.worldwid€ sendic vdiat on d a neutral mere, AlreLe trequm.n or oT -il"6@'I@E!6E@"*1"1rv'!"':1-1'�:1":::l!'.11i'�i1,,!:i'1'g;H*tf#ll+Hi#.i#"1 'r-!E!e$.-es.d3r&s..!4e-Esess'
il?:J:ffi,:i'"ii'".1''lsE.'lte@i;d,6rr1tn6,3!ffitirrrfldrffiarfiii-F ;i-r,r,";.l l:;,"].-1E!TllTtl!-"-._il,:1- ;ffi;;E; ",_il;i?,
BEhui (!u,a3ia);Han chrnese.lap 6e. dd yaklr (Easr asEt; "\i:l 

:"lT"l: lr-.,"i":1.:f yll ;i?i"a,.ir rriG,. it " p;sibre 6 ide ify
and Karitianans (An.ri.a). Each color on the diascfrs 'ePrestrr3 de oln ne alLetc' C t" .*,-, , ".r,"r, m - rr- **t
ccArzghot  :D  19  j9J ,  wh:  h  'm8"  .  Le  q-h  non 2 l !  o  .55  ba<c od  b .  Bv  a  '  r l ra  nS _  : :€

o er,!qldr.,ei '.-., "., ', ' ' ,.,,{hi;;";;;,"-;;;";":;, ;J ::::i l '1i::l '1 i ' l-i: l l i, l, 'T::l"l;1,
;fiffi::::Hi::1ff;::1';;:iJ;llil"J;ifi;;;:f;?";",,,;;:.;;;;;;:;,'l:; tu.ica,^geft,icdemogr.prvaMmedica,,v
ranlerj. ma,.m*cm core+o"a,"er" maj", -.i""t h".";;'l-i *' {6) Xli:fljJT.'""::fr'J";;,',1::?:":::"J,1

The iderlificltior of crusrers corre- 91. The rarionale ofth.se srudi* is lhat al- cally clustercd, or geogBphically clustered

spondi lg tothenta jo!geographicregionsle lesnf luencingd]seaseslscePt ib i l i lyorbutnolgenet ic ,ornej t t re i .o fborh
;ay deperd on th€ saflplilg of irdividu treannent response nnv dlEer in liequencv
als fto; welldefined, relatively homose' across populations Consequendv. individ_ flef'ren'*
neous popuLar ions r f iDdn, idui ls  rere rats wout . i  t 'e  ber ter  se iv td i lcr rncal  r  ao.c, rw Lt i  R t  cam. n '  t '  66 6r  (aFi l

sampled fro a rvorldwide 'giid" (o!a genotypes werc dken lnro a.colnr whei z. fiZ-,rr **.nv*...^ p'*,.r'",r.,o,
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